The hypothesis of a proteolytic involvement in the extracellular lipase processing of a strain of Lactobacillus plantarum was considered and tested. in vitro assays with acid proteases, cathepsin D and renin revealed that both did affect lipolytic activity positively. In vivo assays with growth in the presence of the protease inhibitors pepstatin, phenylmethylsulfonyl fluoride, transepoxysuccinyl-L-leucylamido-(4-guanidino)butane and ethylenediaminetetraacetic acid showed that ethylenediaminetetraacetic acid did affect the pattern of the proteins that possess lipolytic activity. Therefore, it is suggested that a metalloprotease is involved in the processing of the extracellular lipases of L. plantarum, although other proteases can also be important. ß 1999 Federation of European Microbiological Societies. Published by Elsevier Science B.V. All rights reserved.
Introduction
Lipolytic activity is an important and ubiquitous enzymatic activity. Bacterial lipases, in general, are extracellular enzymes [1] . However, many are only activated outside the cell. This may constitute an important strategy of the cell to avoid possible deleterious e¡ects of the lipase inside or during export from the cell.
In fact, proteolytic involvement in the processing of extracellular lipases has been suggested as one possible process of lipase regulation. It has been demonstrated that some lipases are degraded, outside the cell, by proteases, although the proof for a planned action is still lacking. Staphylococcus aureus [2] , Staphylococcus epidermidis [3] , Staphylococcus hyicus ssp. hyicus [4] and Acinetobacter calcoaceticus [5] constitute some examples of the existence of a pre-lipase form. In the particular cases of lipases from S. aureus and S. hyicus ssp. hyicus, the involvement of a metallocysteine protease and a metalloprotease, respectively, has already been established [2, 4] .
In a previous work [6] , the hypothesis of proteo-lytic processing of the extracellular lipase of a Lactobacillus plantarum was considered. In order to check its validity, several in vivo and in vitro studies were performed, using proteases and protease inhibitors as described in this paper.
Materials and methods

Microorganism
L. plantarum DSMZ 12028 isolated from`chouric°o', a Portuguese dry fermented sausage, was chosen for the present study. Its identi¢cation was based on phenotypic methods. It showed extracellular lipolytic activity against olive oil [7] . Its extracellular lipase was partially characterized in a previous work [6] .
In vitro studies
Supernatants of cultures grown for 24 h in MRS [8] were incubated at 37³C with either cathepsin D or renin. 0.05, 0.125 or 0.25 U cathepsin D per ml of supernatant was incubated with supernatant for 30 min, in the presence and absence of 1 WM pepstatin A, an acid protease inhibitor. Two di¡erent renin concentrations were used, 0.01 and 0.05 U, which were incubated with the supernatant for 10 and 60 min.
In vivo studies
L. plantarum was grown for 24 h in MRS at 30³C, without pH control and in the presence of one of the following protease inhibitors: 1 mM phenylmethylsulfonyl £uoride (PMSF), 1 WM pepstatin A, 10 mM ethylenediaminetetraacetic acid (EDTA) or 10 WM trans-epoxysuccinyl-L-leucylamido-(4-guanidino)butane (E64). After centrifugation, supernatants were concentrated about 20 times, in volume, with Centricon (Amicon) membranes with a 30-kDa cut-o¡. Proteins were visualized using SDS-PAGE.
Lipase activity assay
Lipolytic activity was determined according to Lopes et al. [7] , using olive oil as substrate.
Protease activity assay
Proteolytic activity was assayed according to the method of Gibb and Strohl [9] , with azocasein as substrate.
Gel electrophoresis
SDS-PAGE was performed with a Mini Protean System (Bio-Rad), according to the manufacturer's instructions and Laemmli [10] procedures. 12% Polyacrylamide gels were stained for protein detection with Coomassie brilliant blue R-250. Before electrophoresis, samples of supernatant were concentrated approximately 15U using Centricon (Amicon) membranes with a cut-o¡ of 30 kDa. Concentrated samples were prepared by incubating in the proper sample bu¡er, at 50³C for 10 min. SDS-PAGE molecular mass standards (low range 14.4^97.4 kDa, from BioRad) were used as markers.
Protein determination
The protein concentration was assayed using the Bio-Rad Protein Assay kit, based on the method of Bradford [11] . Bovine serum albumin was used as standard.
Results and discussion
In a previous study [6] , it was shown that L. plantarum DSMZ 12028 produces more than one extracellular lipase. In fact, four proteins, with ability to hydrolyze olive oil, were partially puri¢ed and their N-terminal sequences turned out to be very similar. The possibility of a proteolytic involvement in the degradation of these four proteins and the relationships between them were considered. The present work was, then, performed in order to clarify this relationship.
The extracellular lipases of L. plantarum are susceptible to metallo, serine and acid proteases [6] . Since growth of this microorganism leads to a decrease of the pH value of the fermentation media, acid proteases were selected for a ¢rst approach. Two acid proteases, renin and cathepsin D, were thus tested. As recommended by Sigma, the standard activity assay for renin was performed at pH 6 and for cathepsin D at pH 3. The joint utilization of these two proteases, which have a low pH optima, allows the test of proteases acting on pH values close to the ones achieved in the fermentation of this microorganism without pH control. Both renin and cathepsin D were from animal origin and, therefore, have, apparently, no connection to lactobacilli. However, since this Lactobacillus strain was isolated from a fermented meat product made from pig meat and as both renin and cathepsins exist in this meat, it is possible to relate these two proteins with lipase from this particular Lactobacillus strain. It is important to mention that proteolytic activity is still poorly studied in this genera [12] . It was then impossible to choose proteases from Lactobacillus. Table 1 shows the results obtained with cathepsin D. The supernatant used in this assay had no acid protease activity since incubation with pepstatin did not decrease the total proteolytic activity. Incubation with cathepsin D decreased proteolytic activity, but to a lesser extent with increasing quantities of the protease. This e¡ect is probably related to degradation of other proteases by cathepsin D, an e¡ect that becomes less evident with increasing amounts of this protease because its activity is counting for the total proteolytic activity. At the same time, the lipolytic activity increased with an increasing amount of cathepsin D added. Pepstatin also increased the lipolytic activity. However, this increase was diminished with increasing amounts of cathepsin D added simultaneously, i.e. the positive e¡ect of cathepsin on lipolytic activity was diminished by pepstatin. This result suggests that pepstatin is inhibiting cathepsin D. Furthermore, the same behavior is observed for the total proteolytic activity.
Results of assays performed with renin ( Table 2 ) also show that this protease interferes with both the total proteolytic and lipolytic activities of the supernatant. In fact, increasing renin concentrations increased lipolytic activity, despite the fact that the total proteolytic activity became lower. This e¡ect may be related both to a direct and/or indirect e¡ect of renin on lipase. The indirect e¡ect may be due to Activities are compared with the non-incubated supernatant (100%). Activities are compared with the non-incubated supernatant (100%).
degradation of other proteases potentially responsible for the observed decrease in lipolytic activity in the absence of any added protease (Table 2 ). Increasing the time of incubation decreased both enzymatic activities. Therefore, the present results demonstrate both that there are proteases in the supernatant that may contribute positively to the total lipolytic activity and that this enzymatic activity is sensible to acid proteases, like cathepsin D and renin.
As a consequence of the above mentioned results obtained with acid proteases, in vivo assays conducted in the presence of protease inhibitors were performed, with an extension of the study to other classes of proteases, like metallo, serine, histidine and cysteine proteases. Fig. 1 shows the results of the protein pro¢le of the supernatants of cultures in the presence of the protease inhibitors EDTA, PMSF, E64 and pepstatin. Only growth in the presence of EDTA produced a di¡erent pattern of proteins, including the ones corresponding to fractions with lipolytic activity [6] . Protein I is not as intense as in the control supernatant, protein II is almost absent, protein III is shifted to the higher molecular weight of the broad band and protein IV is not different from the corresponding one in the control supernatant. Therefore, a metalloprotease seems to be involved in the processing of extracellular lipolytic enzymes of L. plantarum. This metalloprotease seems to be involved in the formation of proteins I and II and degradation of protein III, directly or indirectly.
The results presented suggest that proteolytic processing of the extracellular lipase of L. plantarum occurs most probably in the supernatant. In fact, and despite the fact that proteolytic activity of Lactobacillus is commonly considered to be associated with the membrane [12] , it is also present in the extracellular compartment, as shown in this work. Therefore, this may constitute an important regulation process of lipolytic activity. Fig. 1 . Protein pro¢les by SDS-PAGE. Lanes : 1, protein standards used as molecular mass markers; 2^6, supernatants cultures grown for 24 h in the absence and presence of the protease inhibitors pepstatin, PMSF, E64 and EDTA, respectively. I^IV correspond to the proteins that showed lipolytic activity [6] .
